Addition of yeast extract and casamino acids stimulated the production of a flocculant by Rhodococcus erythropolis.
In our previous paper,1} we reported that Rhodococcus erythropolis was found to produce a substance(s) that flocculated both organic materials such as microorganisms and inorganic materials such as charcoal. Besides our study, Corynebacterium sp.,2) Aspergillus sojae,3) Dematinum sp.,4) Paecilomyces sp., 5) andAgrobacterium sp.6) have been reported to produce such ftocculants. A number of flocculating agents have been used in a wide range of industrial fields such as tap water, waste water treatment, dredging fields, fermentation processes, and improvement of industrial processes. For these purposes, biodegradable safe flocculant are needed. Rhodococcus flocculant has very interesting, unique flocculation characteristics, as reported in the previous paper.1} However, the productivity was low. Therefore, we examined culture conditions for producing the flocculant of R. erythropolis.
MATERIALS AND METHODS
Microorganisms. Rhodococcus erythropolis S-l and 260-2, previously characterized as phthalate ester rapidly degrading microorganisms,7'8* were used.
Chemicals. Chemicals used in this study were of reagent grade. Organic nitrogen sources were obtained from Difo Co., Ltd.
Cultivation. Liquid cultures were grown on a rotary shaker at 30°C, usually in 500-ml flasks containing 100ml of the medium.Composition of the mediumwas as follows; 10g carbon source, 5g K2HPO4, 2g KH2PO4, 0.2g MgSO4-7H2O, 0.1 g NaCl, 0.5g inorganic nitrogen, and 0.5g organic nitrogen source in 1 liter of distilled water, with the pH adjusted to 7.5. A seed culture of Rhodococcus was grown in GYNmedium, which is 2% glucose, 0.2% yeast extract, and 0.02% beef extract, and 1 ml of preculture was inoculated into 100ml of the above medium.To test the aeration rate and to obtain a large amount of the flocculant, large-scale cultures were raised injar fermentors or in a pilot tank, which had 5, 30, or 1,500 liters volume, containing 2, 23, or 1,000 liters of the medium supplemented with 1%fructose (or 1%fructose syrup of 43.4% fructose, 50.5% glucose, and 6.1 % others), The cultures of R. erythropolis S-l cultured as described above were harvested and centrifuged at ll,000xg for lOmin. The supernatant was used as the culture broth. The precipitate was washed with distilled water and centrifuged. The washed cells were used. Flocculating activity in each fraction was assayed as above.
RESULTS
(1) Effects of carbon sources Glucose, fructose, and sorbitol were effective for the flocculant formation among the various water-soluble carbon sources tested, (data not shown) These three sugar components appeared favorable for cell growth as well as flocculant production. A representative course of flocculant formation and a cell growth curve when glucose was used as the carbon source is presented in Fig. 1 (C14,i5,i6) anc* heavy normal paraffin (C12,i3,i4) well.
However, water-insoluble carbon sources such as olive oil greatly reduced flocculating activity, as shown in Fig. 2 . These results indicated that addition of water soluble saccharides such as glucose and fructose as carbon source increased flocculating activity significantly.
The same tendencies as mentioned above were observed in strain 260-2 as well as strain S-l. (Fig. 3) .
(3) Effects of culture temperature
The culture temperature of 30°C was optimal for both the flocculant production (twice as much) and cell growth in comparison with 25°C and 37°C (data not shown).
(4) Effects ofinitialpH
The growth rate and flocculant production were affected by the initial pH, as shown in Fig. 4 . The alkaline pH, especially pH 9.5, greatly stimulated the flocculant production.
The pH dropped from pH 9.5 to around pH 7
in the exponential phase, and rose again to around pH 8~8.5 in the stationary phase.
Under more alkaline initial pH up to 1 1.0, this strain was able to grow, but both cell growth and flocculant production were greatly decreased compared with initial pH 9.5.
(5) Effects of the aeration rate Table I shows the effects of aeration rate on flocculant production using a 5-liter jarfermentor at 30°C. Table I suggested (1/OD550); -, DO (dissolved oxygen) (%), growth was unaffected. Figure 5 shows a typical course of flocculant production by R. erythropolis S-l using the jar-fermentor at an agitation of 200rpm and an aeration rate of equal volume per mediumvolume per minute with pH uncontrolled. Dissolved oxygen of the mediumalmost to zero during the exponential phase. Whenaeration was stopped and only agitation continued, higher production of the flocculant was obtained. Large scale cultivation was done using 30 and 1,000 liter tanks at an agitation of 100~200rpm and an aeration rate of half or one-tenth volume per medium volume per minute with pH uncontrolled (the initial pH concluded that more than 90% of the flocculating activity was in the culture broth and less than 10% in the cells.
(7) Thermal instability of theflocculant
Flocculant solutions with and without seal using cap were boiled in a water bath for various times. After cooling, the remaining flocculating activity was measured. As shown in Fig. 7 , this flocculant was unstable to heat, and especially the unsealed heat treatment for 15min at 100°C reduced the flocculating activity by about 50%.
DISCUSSION
Because the maximumflocculating activity was observed in early stationary phase and the production of the flocculant was parallel to the growth curve, this flocculant was probably not produced by cell autolysis, but by biosynthesis.9'1^The protein portion of Asp. sojae flocculant was not essential for the flocculating activity from the data of heat stability.n) On the other hand, the flocculating activity of R. erythropolis was reduced to less than 50%by unsealed heat treatment. Both the Xanthoprotein and anthron reactions were positive with the crude flocculant of R. erythropolis. These results might suggest that R. erythropolis flocculant required the protein portion for the flocculating activity.
Although R. erythropolis S-l and 260-2 could produce the flocculant with a simple medium,someculture conditions were required for efficient production of the flocculant. The favorable mediumfor production of the flocculant was 1 %fructose (or glucose), 0.5% K2HPO4, 0.2% KH2PO4, 0.02% MgSO4, 0.01% NaCl, 0.05% urea, and 0.05% yeast extract with initial pH 9.5. It is interesting that excess aeration decreased the production of the flocculant, because Rhodococcus erythropolis is an aerobic bacterium. The results for the aeration rate might demonstrate that the lower the DOlevel, the higher production of the flocculant. When fructose syrup (fructose and glucose mixture) was used as a carbon source, the DOdropped with a shoulder in the early middle exponential phase. This shoulder might mean that fructose in fructose syrup was assimilated first and then glucose by R. erythropolis, because a lag was sometimes observed when glucose was used as the sole carbon source.
The finding that R. erythropolis S-l was able to grow well at alkaline initial pH up to pH 1 1
suggested that this microorganism might be rather an alkali-resistant bacterium than an alkaliphilic bacterium.
